Evolution of a basic helix-loop-helix protein from a transcriptional repressor to a plastid-resident regulatory factor: involvement in hypersensitive cell death in tobacco plants.
The tobacco gene NtWIN4 (Nicotiana tabacum wound-induced clone 4) is transiently up-regulated in response not only to wounding but also to pathogen attack. NtWIN4 encodes a putative basic helix-loop-helix protein with an apparent molecular mass of 28 kDa that exhibited clear nuclear transcription repression activity in Dual-Luciferase assays. However, immunoblotting indicated the existence of a 17-kDa form of NtWIN4 localized exclusively in tobacco leaf chloroplasts. Subsequent peptide dissection analyses with green fluorescent protein fusions revealed that a polypeptide of 81 amino acids starting at position 13 from the N terminus is maximally necessary for this localization. Further fine dissection analysis strongly suggested that the protein actually begins at the second Met located at position 27, yielding a signal peptide of 67 amino acids. However, the last C-terminal 15 amino acids overlap with the conserved basic region critical for DNA binding, so NtWIN4 presumably does not function as a transcription factor in planta. Transgenic tobacco plants constitutively overexpressing NtWIN4 demonstrated mortality with abnormal features, including albinism, and transient expression upon agroinfiltration resulted in distinct necrosis with a sharp decrease in chlorophyll content, consistent with the phenomenon known as chlorosis. Transgenic RNA interference tobacco plants exhibited reduced hypersensitive cell death, showing delayed tissue necrosis upon pathogen infection. These results suggest that NtWIN4 arose by divergence, becoming a chloroplast-resident factor from a nuclear transcriptional repressor by obtaining a transit peptide sequence, and that, upon translocation, it interacts with chloroplast components to induce hypersensitive cell death through chloroplast disruption, thereby contributing to plant stress responses.